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Abstract: 
Molecular dynamics (MD) simulation was employed in this study to elucidate the 
dislocation/amorphization-based plasticity mechanisms in single crystal 3C-SiC during nanometric 
cutting on different crystallographic orientations across a UDQJHRIFXWWLQJ WHPSHUDWXUHV.WR
. using two sorts of interatomic potentials namely analytical bond order potential (ABOP) 
and Tersoff potential. Of particular interesting finding while cutting the (110)<00 ?ത> was the 
formation and subsequent annihilation of stacking fault-couple and Lomer-Cottrell (L-C) lock at 
high temperatures, i.e. 2000 K and 3000 K, and generation of the cross-junctions between pairs of 
counter stacking faults meditated by the gliding of Shockley partials at 3000 K. $QRWKHUSRLQWRI
LQWHUHVWZDV WKHGLUHFWLRQDOGHSHQGHQF\RI WKHPRGHRIQDQRVFDOHSODVWLFLW\ LHwhile dislocation 
nucleation and stacking fault formation were observed to be dominant during cutting the 
(110)<00 ?ത>, low defect activity was witnessed for the (010)<100> and (111)< ?ത ?0> crystal setups. 
1RQHWKHOHVVthe initial response of 3C-SiC substrate was found to be solid-state amorphization for 
all the studied cases. )XUWKHU DQDO\VLV WKURXJK YLUWXDO ;-UD\ GLIIUDFWLRQ ;5' DQG UDGLDO





VLPXODWLRQ UHVXOWV ZHUH VXSSOHPHQWHG E\ DGGLWLRQDO FDOFXODWLRQV RI PHFKDQLFDO SURSHUWLHV
JHQHUDOL]HGVWDFNLQJ IDXOWVHQHUJ\ *6)(VXUIDFHVDQG LGHDO VKHDUVWUHVVHV IRU WKH WZRPDLQVOLS
V\VWHPVRI&-6L&JLYHQE\WKHHPSOR\HGLQWHUDWRPLFSRWHQWLDOV 
 




Due to its exceptional physical and chemical properties, silicon carbide (SiC) has become a 
consummate candidate for the fabrication of nano-devices which require high performance in 
extreme environments. 3C-SiC, as a zinc blende structured SiC possesses the highest fracture 
toughness and hardness among the SiC polytypes. It is a kind of brittle material at room temperature 
owing to its relatively low fracture toughness and high hardness, i.e. 2.02 MPa m1/2 and 26.4 GPa 
[1], respectively. This restricted room-temperature plasticity makes this material to show poor 
machinability. It is believed that with the increase of temperature, plasticity plays a greater role in 
the fracture and deformation processes of 3C-SiC primarily as a result of thermally-generated 
intrinsic defects and thermal softening processes.  
Appreciation of crystal plasticity of materials subjected to complex loading at low and high 
temperatures has been a long-lasting challenge in materials science. There are few studies on 
discovering the plastic deformation mechanisms of 3C-SiC under a variety of different contact 
loading conditions such as pressure loading [2-3], nanoscratching [4-5], nanoindentation [6-9] and 
nanometric cutting [10-11]. What is known from these studies is that there is substantial 
incongruence on the plasticity mechanisms of 3C-SiC. For instance, while shear instability induced 
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amorphization was considered by Tang [4] as the underlying mechanism in nanoscratching, 
Noreyan et al. [5] attributed the plastic behaviour to the rocksalt structural transformation of 3C-
SiC. Similarly, Goel et al. [10] claimed that 3C-SiC undergoes sp3-sp2 disorder during nanometric 
cutting whereas Mishra and Szlufarska [11] attributed the plasticity to the dislocation nucleation 
event. However, the extant literature concerning nanoscale plasticity of 3C-SiC is seen to focus on 
study of the deformation behaviour at room temperature (300 K) and there exists no research on 
revealing the mechanisms involved in the plasticity of this material at elevated temperatures. 
Particularly, in nanometric cutting which is a shear-dominant process, resulting in more deviatoric 
stress conditions thus multiple plasticity mechanisms are conceivable; hence providing an extensive 
insight of the plastic deformation of 3C-SiC. Accordingly, the following four important research 
questions regarding the plasticity of 3C-SiC during high temperature nanometric cutting were 
recognized and attempted to be answered in this study: 
1- +RZ GR WKH WKHUPDOO\-GULYHQ SKHQRPHQD FRQWULEXWH WR WKH FU\VWDO SODVWLFLW\ RI &-6L&
GXULQJQDQRPHWULFFXWWLQJDWHOHYDWHGWHPSHUDWXUHV" 
2- :KDWLVWKHUROHRIDPRUSKL]DWLRQLQGULYLQJWKHSODVWLFLW\RI&-6L&" 
3- What is the critical magnitude of the stress causing single crystal 3C-SiC to flow during its 
nanometric cutting? More particularly, how do the critical yield stresses e.g. YRQ 0LVHV
VWUHVV RFWDKHGUDO VWUHVV 7UHVFD VWUHVV DQG 3ULQFLSDO VWUHVVHV YDU\ GXULQJ HOHYDWHG
WHPSHUDWXUHGHIRUPDWLRQ" 
4- How much influence does the employed interatomic potential on the aforementioned 
parameters? 
In order to answer these questions, this work used molecular dynamics (MD) simulation to explore 
incipient plasticity and mechanisms involved in the plastic deformation of single crystal 3C-SiC 
during nanometric cutting on the (010), (110) and (111) crystallographic orientations at a wide 
range of temperatures (300 K-3000 K) using two types of interatomic potentials namely analytical 
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bond order potential (ABOP) [12] and Tersoff potential [13]. ,Q RUGHU WR HYDOXDWH WKH SODVWLFLW\
PHFKDQLVPVRFFXUULQJ LQ WKHKRWQDQRPHWULFFXWWLQJGLVORFDWLRQH[WUDFWLRQDOJRULWKP';$>@
ZDV DGRSWHG DQG WKH JHQHUDOL]HG VWDFNLQJ IDXOWV HQHUJ\ *6)( VXUIDFHV DQG LGHDO VKHDU VWUHVVHV
ZHUHFDOFXODWHGIRUWKHWZRPDLQVOLSV\VWHPVRI&-6L&LQRUGHUWRREWDLQDEHWWHUDSSUHFLDWLRQRI
GHIHFW IRUPDWLRQ 7KH ORFDO HQYLURQPHQW RI DWRPV XS WR WKH VHFRQG QHLJKERXU VKHOO ZDV DOVR
PRQLWRUHG DQG YLUWXDO ;5' DORQJ ZLWK 5') DQDO\VLV ZDV SHUIRUPHG WR TXDOLI\ WKH VWUXFWXUDO
FKDQJHVGXULQJQDQRPHWULFFXWWLQJ 
 
2. Modelling and simulation methodology 
2.1. Nanometric cutting simulation model 
Inspired from the previous works of the authors [15-18], the same simulation model was adapted in 
this study, which is shown in Fig. 1. Similar to those studies, the diamond cutting tool in this work 
was modelled as a deformable body. The substrate and the cutting tool were divided into three 
distinct areas namely, Newtonian, thermostat and boundary zones. Atoms in the boundary region 
were kept fixed so as to reduce boundary effect and maintain lattice regularity. The simulation 
model is extremely small and hence the thermostat area was used to artificially disperse the extra 
heat generated within the cutting zone which in reality would have otherwise been taken away by 
chips and coolant. Newtonian area follows traditional Newtonian mechanics (LAMMPS NVE 
dynamics) so that the employed potential energy function decides the position of atoms as they are 
integrated over time. Periodic boundary condition (PBC) was applied along the z direction. In order 
to address the problem of lattice mismatch of silicon and diamond in periodic boundary condition, 
the periodic box dimension was selected so that the two lattice constants were in an integer 
proportion. Further description on the adjustment procedure concerning mismatch in the lattice 
constant between silicon and diamond while employing PBC can be found elsewhere [19]. To keep 
the simulation model simple, a major assumption here was to use the vacuum environment. This 
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consideration although discards the role of oxidation of 3C-SiC which is a practical reality but at the 
same time, it provides a healthy data to compare, contrast and highlight purely the role of 
temperature in influencing the deformation behaviour of 3C-SiC. 
 
 
Fig 1. Schematic model of the QDQRPHWULFFXWWLQJVLPXODWLRQ 
 
,QWHUDWRPLFSRWHQWLDOHQHUJ\IXQFWLRQ 
'HYHORSPHQW RI SRWHQWLDO HQHUJ\ IXQFWLRQ LV D IHUWLOH DUHD LQ WKH 0' VLPXODWLRQ DUHQD )RU WKLV
UHDVRQ YDULRXV SRWHQWLDO IXQFWLRQV KDYH EHHQ GHYHORSHG WR GHVFULEH WKH LQWHUDFWLRQ EHWZHHQ
FRQVWLWXHQWDWRPV6LQFHWKHDFFXUDF\DQGUHOLDELOLW\RIFODVVLFDO0'VLPXODWLRQVLVJRYHUQHG E\WKH
SRWHQWLDOIXQFWLRQSUHFDXWLRQVDUHQHHGHGZKLOHVHOHFWLQJLQWHUDWRPLFSRWHQWLDOIRUDVSHFLILFV\VWHP
DQGSURFHVVPastewka et al. [20] recently highlighted some key considerations required to employ a 
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potential energy function to model the phenomena of fracture, wear or plasticity in materials such as 
silicon, carbon and silicon carbide (SiC). 7KHPRVWEURDGO\DGRSWHGIRUPDOLVPIRUVLPXODWLQJ6L-&
V\VWHPLVWKH7HUVRIISRWHQWLDOIXQFWLRQ>@which was developed in 1994 to appropriately estimate 
the ground-state structure, energies, and elastic properties of both 3C-SiC and amorphous SiC. One 
decade later, Erhart and Albe [12] proposed DQDQDO\WLFDOERQGRUGHUSRWHQWLDO$%23ZKLFKFRXOG
GHVFULEH ERWK EXON DV ZHOO DV WKH GLPHU SURSHUWLHV RI 6L& PRUH SURSHUO\ RYHU 7HUVRII SRWHQWLDO
7KHUHIRUH LQ WKLV VWXG\ ERWK WKH $%23 DQG 7HUVRII SRWHQWLDOV ZHUH XWLOL]HG WR GHILQH WKH
LQWHUDFWLRQVEHWZHHQWKHDWRPVRIVLOLFRQDQGFDUERQDQGWRPDNHDFRPSDULVRQEHWZHHQWKHUHVXOWV 
 
2.3 Simulation procedure 
0'VLPXODWLRQVZHUHLPSOHPHQWHGE\XVLQJDSXEOLF-GRPDLQFRPSXWHUFRGHNQRZQDV³ODUJH-VFDOH
DWRPLFPROHFXODU PDVVLYHO\ SDUDOOHO VLPXODWRU´ /$0036 >@ The simulated cutting 
temperatures were 300 K, 900 K, 1200 K, 1400 K, 2000 K and 3000 K, regulated via a Berendsen 
thermostat. The details of simulation model and the process parameters employed in the simulations 
are shown in Table 1.  
8VLQJ LPSURSHU HTXLOLEULXP ODWWLFH FRQVWDQW ZLOO IRUFH WKH VLPXODWLRQ V\VWHP   IDU DZD\ IURP
HTXLOLEULXPDQGFRQVHTXHQWO\WKHDFFXUDF\RIWKH0'VLPXODWLRQUHVXOWVLV LQDFFXUDWH+HQFH WKH
VLPXODWLRQ PRGHO ZDV IHG ZLWK WKH DSSURSULDWH ODWWLFH FRQVWDQWV VKRZQ LQ 7DEOH  ZKLFK ZHUH
FDOFXODWHGDVWKHHTXLOLEULXPODWWLFHFRQVWDQWVDWYDULRXVWHPSHUDWXUHVIURPWKHSRWHQWLDOVHPSOR\HG
LQWKLVVWXG\ 7KHHTXLOLEULXPODWWLFHFRQVWDQWRIGLDPRQGFXWWLQJWRRODW.ZDVFRPSXWHGDV
 c DQG  c IRU WKH $%23 DQG 7HUVRII SRWHQWLDOV UHVSHFWLYHO\ $W WKH VWDUW RI WKH
VLPXODWLRQWKHGLDPRQGWRROZDVVHWDWDGLVWDQFHRIcQPIURPWKH&-6L&VXEVWUDWHIUHH
WUDYHO EHIRUH FXWWLQJ LQ RUGHU WR HQVXUH WKDW WKH WRRO DWRPV DUH IDU IURP WKH HTXLOLEULXP FXW-RII
UDQJHRIWKH6L-&LQWHUDFWLRQSRWHQWLDO7KHVLPXODWLRQPRGHOZDVHTXLOLEUDWHGIRUDWRWDOWLPHRI
SV EHIRUH WKH FRPPHQFHPHQW RI FXWWLQJ7KH WULDOV ZHUH SHUIRUPHG DW D FXWWLQJ VSHHG RI  PV
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Table 1. Details of the MD simulation model and the cutting parameters used in the study 
Substrate material Single crystal 3C-SiC 
Substrate dimensions 34.8×19.6×4.4 nm3 
Tool material Single crystal diamond 
Cutting edge radius (tip radius) 3.5 nm 
Uncut chip thickness (cutting depth in 2D) 3 nm 
Cutting orientation and cutting direction Case 1: (010)<100> 
Case 2: (110)<00 ?ത> 
Case 3: (111)< ?ത ?0> 
Rake and clearance angle of the cutting 
tool 
-25° and 10° 
Substrate temperature 300 K, 900 K, 1200 K, 1400 K, 2000 K and 
3000 K 
Cutting speed 50 m/s 
Time step 1 fs 
Potential energy function ABOP [12] and Tersoff [13]  
 
Table 2. Calculated equilibrium lattice constants and cohesive energy of single crystal 3C-SiC at 
different temperatures using ABOP and Tersoff potential energy functions 


















300 4.3623 -6.3376 4.3113 -6.4005 4.3581 
900 4.3681 -6.3342 4.3534 -6.3269 4.3689 
1200 4.3712 -6.3325 4.3703 -6.2878 4.3754 
1400 4.3738 -6.3297 4.3806 -6.26088 4.3798 
2000 4.4409 -6.1033 4.4109 -6.17797 - 
3000 4.4838 -5.9718 4.452 -6.04078 - 
 
3. Results and discussion 
3.1. Assessment of accuracy of the interatomic potential functions 
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*6)( VXUIDFHV DQG LGHDO VKHDU VWUHVVHV UHTXLUHG WR QXFOHDWH GLVORFDWLRQV IRU WKH WZR PDLQ VOLS
V\VWHPVRI WKH]LQFEOHQGHVWUXFWXUHRI&-6L& VKXIIOH!^`DQGJOLGH!^`ZHUH
DVVHVVHG 3C-SiC structure is defined as the stacking of double-layers {111} planes. The space 
between two successive double-layers is known as the shuffle set, while the space between the two 
planes of the double-layer is called glide set. 7KHORZHVWHQHUJ\EDUULHUUHTXLUHGWREHFURVVHGIRU
WKHVOLSIURPWKHLGHDOFRQILJXUDWLRQWR WKH LQWULQVLFVWDFNLQJIDXOWFRQILJXUDWLRQLVFDOOHGXQVWDEOH
*6)( VXUIDFHV ZKLFK LV LPSUREDEOH WR EH PHDVXUHG H[SHULPHQWDOO\ >@ 7KH XQVWDEOH *6)(
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VXUIDFHV FDQEH FRPELQHGZLWK3HLHUOV-1DEDUUR 31PRGHOV >-@ WR HVWLPDWHGLVORFDWLRQFRUH
SURSHUWLHV )LJ D DQG E GHSLFW WKH *6)( FXUYHV REWDLQHG YLD EORFN VKHDULQJ SURFHVV 7ZR
LQWHUDWRPLFSRWHQWLDOVH[KLELWDOPRVWVLPLODUTXDOLWDWLYHEHKDYLRXUIRUWKHVKXIIOHDQGJOLGHVHWV7KH
XQVWDEOHDQGLQWULQVLFVWDFNLQJIDXOWFRQILJXUDWLRQVFRUUHVSRQGWRDVOLSRI ?Ǥ ? ? ?ܽ଴DQG ?Ǥ ? ? ?ܽ଴ܽ଴
LVWKHODWWLFHFRQVWDQWUHVSHFWLYHO\LQWKH!GLUHFWLRQV7KHSURMHFWLRQRI*6)(FXUYHVRQWKH
!GLUHFWLRQLVV\PPHWULFFRUUHVSRQGLQJWRDVOLSRI  ?Ǥ ? ? ?ܽ଴$VVHHQLQ)LJDWKHYDOXHRI
XQVWDEOHVWDFNLQJIDXOWHQHUJ\ߛ௨௦ሻLQWKHJOLGH!^`SUHGLFWHGE\WKH$%23LVORZHUWKDQ
WKDWRIWKH7HUVRIISRWHQWLDOLQGLFDWLYHRIVPDOOHUHQHUJ\EDUULHUVXJJHVWLQJWKDWGLVORFDWLRQVFDQEH
QXFOHDWHGPRUHHDVLO\ZKLOHXVLQJWKH$%23SRWHQWLDO ,W LVZRUWKSRLQWLQJRXWKHUHWKDW WKH')7
FDOFXODWHVWKHXQVWDEOH*6)(VXUIDFHVLQWKHJOLGHVHWWREHܸ݁ %ଶൗ >-@VXJJHVWLQJWKH
RYHUHVWLPDWLRQ RI WKH XQVWDEOH *6)( E\ WKH WZR HPSLULFDO SRWHQWLDOV HPSOR\HG LQ WKLV VWXG\
1HYHUWKHOHVV WKH JLYHQ YDOXH E\ WKH $%23 LV FORVHU WR WKH ')7 FDOFXODWLRQ )XUWKHUPRUH WKH
LQWULQVLFVWDFNLQJIDXOWHQHUJ\ߛ௜௦௙ሻIRU7HUVRIILVIRXQGPXFKKLJKHUWKDQWKDWRI$%23LQGLFDWLQJ
WKDWWKHVWDFNLQJIDXOWVDUHOHVVOLNHO\WRIRUPZKLOHDSSO\LQJ7HUVRIISRWHQWLDO,WLVJHQHUDOL]HGWKDW
VWDFNLQJ IDXOWV DUH FRPPRQ LQ 6L& RZLQJ WR WKH ORZ VWDFNLQJ IDXOW HQHUJ\ >@ 7KH DE LQLWLR
FDOFXODWLRQVUHYHDOHGDYDOXHRIߛ௜௦௙ ൌ  ?Ǥ ? ? ? ? ܸ݁ %ଶൗ >@ZKLFKLVFORVHWRWKHPDJQLWXGHJLYHQ
E\WKH$%23ܸ݁ %ଶൗ  
,WLVDOVRLQVWUXFWLYHWRPHQWLRQWKDWWKHXQVWDEOHWZLQQLQJIDXOWHQHUJ\ߛ௨௧ሻHVWLPDWHGE\WKH$%23
LVKLJKHU WKDQ WKDWRI WKH7HUVRII7KHKLJKUDWLRRIߛ௨௧Ȁߛ௨௦ a IRU WKH$%23VKRZV WKDW WKH




WKDQWKDWRIWKH$%237KHFDOFXODWHGXQVWDEOH*6)(VXUIDFHLQWKHVKXIIOHVHWE\WKH')7LVܸ݁ %ଶൗ  >-@ZKLFK LVPXFK ORZHU WKDQ WKRVHHVWLPDWHGE\ WKH WZRSRWHQWLDO IXQFWLRQV ,W LVRI
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QRWH WKDW WKH GLVORFDWLRQDFWLYLW\ LV VWURQJO\ VXEMHFW WR WKH FU\VWDOORJUDSKLFRULHQWDWLRQVRI FXWWLQJ
SODQHDQGFXWWLQJGLUHFWLRQ>@  
,Q RUGHU WR REWDLQ EHWWHU LQVLJKWV LQWR WKH IDYRXUDEOH VOLS V\VWHPV LQ RXU VLPXODWLRQ VHWXS WKH
JUDGLHQW RI *6)( VXUIDFHV IRU WKH VKXIIOH DQG JOLGH VOLS V\VWHPV LV SORWWHG LQ )LJ F-G ,Q WKHVH
SORWVWKHPD[LPXPPDJQLWXGHFRUUHVSRQGVWRWKHLGHDOVKHDUVWUHVV߬଴ሻQHHGHGIRUGHVWDELOL]LQJD




LQ WKH JOLGH VHW LV RYHUSUHGLFWHG E\ ERWK WKH SRWHQWLDOV LQ FRPSDULVRQ ZLWK WKH ')7 FDOFXODWLRQV
ZKLFKLVa*3D>@2QWKHVKXIIOHVHWWKH$%23SRWHQWLDOSUHGLFWVWKHLGHDOVKHDUVWUHVVWREH
a*3DZKHUHDVWKHFRUUHVSRQGLQJYDOXHHVWLPDWHGE\WKH7HUVRIILVa*3DDWDVKRUWHU%XUJHUV
YHFWRU 7KH LGHDO VKHDU VWUHVV IRU WKH VKXIIOH VHW FDOFXODWHG E\ ')7 LV a *3D >@ ,W FDQ EH
LQIHUUHGWKDWWKHLGHDOVKHDUVWUHQJWKRIWKHJOLGH!^`VOLSV\VWHPVDUHORZHUWKDQWKDWRIWKH
VKXIIOH !^`VOLS V\VWHPV VLJQLI\LQJ WKDW WKH JOLGH !^` VOLS V\VWHPV DUH PRUH
IDYRXUDEOHWKDQVKXIIOH!^`VOLSV\VWHPV 0RUHLPSRUWDQWO\WKH6FKPLGIDFWRURIJOLGHVOLS
V\VWHP LV  ZKLFK LV ODUJHU WKDQ WKDW RI VKXIIOH VOLS V\VWHP LH  ,Q DGGLWLRQ JOLGH
GLVORFDWLRQVDUHPRUHVHQVLWLYHWRWKHUPDODFWLYDWLRQ>@ 
2YHUDOO LW FDQ FRQFOXGH WKDW $%23 LV PRUH UREXVW LQ SUHGLFWLQJ WKH PHFKDQLFDO SURSHUWLHV
HVSHFLDOO\9RLJWDYHUDJHVZKLFKDUHDVVRFLDWHGWRWKHGLVORFDWLRQV%HVLGHVGLVORFDWLRQQXFOHDWLRQLQ
WKHJOLGHVHWDQGVWDFNLQJIDXOWIRUPDWLRQJLYHQE\$%23DUHLQEHWWHUDJUHHPHQWZLWKWKH')7DQG




















3.2. Analysis of crystal defects 
Single crystal 3C-SiC is regarded as a face-centred cubic (FCC) crystal in the Bravais lattice group, 
which simply results in multiple-slips on the four equivalent {111} planes. The preferred slip 
systems are closely correlated to the core structure of their mobile dislocations. Hence, dislocations 
have to glide in these planes with a trivial lattice resistance, as estimated by P-N models [27-28]. As 
a starting point, we analyse the crystal defect formation when cutting is performed on the (110) 
orientation since this cutting direction and cutting plane is more prone to defect formation according 
to the simulation setup. Fig. 3a-b demonstrates the crystal defects at a cutting distance of 10 nm 
when nanometric cutting is implemented at 300 K. The perfect dislocation loop with  ?Ȁ ? ൏ ? ? ?൐ 
Burgers vectors is seen to glide ahead of the tool tip. V-shaped perfect dislocation and partial half 
loop are also nucleated ahead of the tool, facilitating the plasticity of 3C-SiC. Such V-shaped 
dislocations were also seen by Mishra and Szlufarska [33] during sliding/cutting at a cutting depth 
of 3.5 nm. $GGLWLRQDOO\ LW LV JHQHUDOL]HG WKDW WKH QRQ-HTXLOLEULXP LQWULQVLF SRLQW GHIHFWV VXFK DV
YDFDQFLHVFDQEHFUHDWHGGXULQJSODVWLFGHIRUPDWLRQSURFHVV >@ OHDGLQJ WR WKH IRUPDWLRQRI WKH
YDFDQF\-RULJLQDWHGVWDFNLQJIDXOWin the Si-C monolayer6RWKHVWDFNLQJIDXOWREVHUYHGLQ)LJE
FRXOGEHDFRQVHTXHQFHRIIRUPDWLRQRIVXFKSRLQWGHIHFWV7KHVHREVHUYDWLRQVFRQILUPWKDWDVLGH
IURP IRUPDWLRQ RI RQH-GLPHQVLRQDO GHIHFWV WZR-GLPHQVLRQDO GHIHFWV LH VWDFNLQJ IDXOWV FDQ EH
JHQHUDWHG ZLWKLQ WKH UHVWULFWHG YROXPH RI &-6L& VXEVWUDWH GXULQJ QDQRPHWULF FXWWLQJ DW URRP
WHPSHUDWXUH 6WDFNLQJ IDXOW IRUPDWLRQ LQ &-6L& ZDV DOVR REVHUYHG LQ PXOWLPLOOLRQ-DWRP 0'
VLPXODWLRQRIQDQRLQGHQWDWLRQ>@DQGLQWKLFN&-6L&FU\VWDOVJURZQE\&)-397>@1RWHWKDW
WKH white atoms shown in Fig. 3 represent the highly-discorded (amorphous) atoms, which have 
been obtained through monitoring WKHORFDOHQYLURQPHQWRIDWRPVXSWRWKHVHFRQGQHLJKERXUVKHOO






DPRUSKRXVDWRPV IROORZHGE\ WKHGHIHFW IRUPDWLRQ ,Q VHFWLRQ DPRUSKL]DWLRQ LVGLVFXVVHG LQ
GHWDLO2I LQWHUHVW LV WKDW0LVKUDDQG6]OXIDUVND >@ UHSRUWHG WKDWGLVORFDWLRQDFWLYLW\ FDQ OHDG WR
DPRUSKL]DWLRQQHDUWKHVXUIDFHRI&-6L&GXULQJQDQRLQGHQWDWLRQDQGFRQQHFWHGWKHLUREVHUYDWLRQV
WR WKH DPRUSKRXV FKLSV REVHUYHG LQ QDQRPDFKLQLQJ H[SHULPHQWV RQ +-6L& >@ +RZHYHU
GLVORFDWLRQ-LQGXFHGDPRUSKL]DWLRQZDVQRWREVHUYHGLQRXUQDQRPHWULFFXWWLQJVLPXODWLRQV 
It can be seen from Fig. 3c that with the progress of cutting, the stacking faults are decomposed and 
6KRFNOH\ SDUWLDOV ZLWK  ?Ȁ ? ൏ ? ? ?൐ %XUJHUV YHFWRUV are formed, gliding on the closely packed 











Fig. 3. MD simulation output illustrating amorphous atoms (white atoms), dislocation nucleation 
and formation of stacking faults while cutting the (110) plane at 300 K at a cutting distance of a, b) 
10 nm  c) 20 nm. Blue, red and green rods, respectively, stand for the perfect, Shockley partial and 







LQ )LJ D more dislocations are nucleated when nanometric cutting is performed at 900 K. The 
total length of dislocations QXFOHDWHGZLWKLQWKH&-6L&VXEVWUDWHLV ~2.5 times higher than that of 
300 K. Shockley partial segments, loop and half loop are observed to nucleate. Furthermore, a 
stacking fault sandwiched between two Shockley partials is formed. Indeed, the glide of this 
dislocation-originated stacking fault is meditated by the Shockley partials through dislocation-
stacking fault interaction. Of interest is the nucleation of long perfect dislocations within the 
substrate. At 20 nm cutting distance, dislocations are further propagated within the substrate which 
improves the crystal plasticity of 3C-SiC. 'LVORFDWLRQ PXOWLMXQFWLRQ DQG GLVVRFLDWLRQ RI SHUIHFW
GLVORFDWLRQVLQWR6KRFNOH\SDUWLDOVDQGVWDLU-URGSDUWLDOVZLWK  ?Ȁ ? ൏ ? ? ?൐ %XUJHUVYHFWRUVFDQEH
ZLWQHVVHG LQ)LJE Interestingly, )UDQN-W\SHVHVVLOHSDUWLDOVZLWK  ?Ȁ ? ൏ ? ? ?൐ %XUJHUVYHFWRUV
ZHUHREVHUYHGWRQXFOHDWHMRLQWZLWKWKHSHUIHFWGLVORFDWLRQDQG6KRFNOH\SDUWLDOVIt is informative 
to mention that tKH SDUWLDO GLVORFDWLRQV LQ &-6L& DUH DVVXPHG WR EH WHUPLQDWHG E\ RQO\ RQH











Fig. 4. Formation of crystal defects while cutting the (110) plane at 900 K at a cutting distance of a) 





WR WKH WKHUPDO H[FLWDWLRQ OHDGLQJ WR DQ LQFUHDVH LQ WKH SUREDELOLW\ RI KDYLQJ DWRPV ZLWK KLJKHU
HQHUJ\VWDWHLQWKHV\VWHP:KHQWKHWKHUPDOHQHUJ\LVDGHTXDWHO\KLJKWKHUHH[LVWVWKHSRVVLELOLW\




LQ)LJEDQG)LJEGLVORFDWLRQVDUHPXOWLSOLHGFRQWLQXRXVO\while cutting process advances, as 
shown in Fig. 5b. )UDQN-W\SHVHVVLOHSDUWLDOs and stair-rod partial were also witnessed to nucleate in 






Fig. 5. Formation of crystal defects while cutting the (110) plane at 1200 K at a cutting distance of 





$W  . SHUIHFW GLVORFDWLRQ VHJPHQWV VWDFNLQJ IDXOW ERXQGHG EHWZHHQ 6KRFNOH\ SDUWLDO
VHJPHQWV 6KRFNOH\ SDUWLDO ORRSV EHWZHHQ SHUIHFW GLVORFDWLRQ VHJPHQWV DQG V-shaped unknown 
partial are nucleated. A key observation at the cutting distance of 20 nm is the formation of VWDFNLQJ












Fig. 6. Formation of crystal defects while cutting the (110) plane at 1400 K at a cutting distance of 
a) 10 nm  b) 20 nm. 6WDFNLQJIDXOW-FRXSOHDQG9-VKDSHORFNDUHIRUPHG  
 
Considering thermally activated defect formation, noticeable dislocation activities including perfect, 
Shockley, stair-rod, )UDQN-W\SHVHVVLOH DQGRWKHUXQNQRZQSDUWLDOVDUHREVHUYHGZKHQQDQRPHWULF
FXWWLQJ RI &-6L& LV SHUIRUPHG RQ WKH  SODQH DW  . DV LOOXVWUDWHG LQ )LJ  7KH WRWDO
OHQJWKRIGLVORFDWLRQV ZDV IRXQG WREHa WLPHVKLJKHU WKDQ WKDWRI. ,W LV RIQRWH WKDW DW
KLJKHU WHPSHUDWXUHV VKRUWHU VHJPHQWV RI SHUIHFW GLVORFDWLRQV DQG ORQJHU VHJPHQWV RI SDUWLDOV DUH
QXFOHDWHG ZLWKLQ WKH VXEVWUDWH ZKLFK FDQ EH UHJDUGHG DV D WUDQVLWLRQ IURP SHUIHFW GLVORFDWLRQ
HPLVVLRQWRSDUWLDOQXFOHDWLRQ ,W LVDOVRREVHUYHGWKDW WKHVL]HRIVWDFNLQJIDXOWVDKHDGRIWKHWRRO
EHFRPHODUJHUDQGWKHJUDGXDOJURZWKRIVWDFNLQJIDXOWVRQWKHJOLGHSODQH LVLQWHQVLILHGDWKLJKHU
WHPSHUDWXUHV 7KH VL]H RI VWDFNLQJ IDXOW LV LQGHHG LQIOXHQFHG E\ WKH VWDEOH *6)( LH ORZHU WKH





GULYHQ E\ 6KRFNOH\ SDUWLDOV WKDW ERXQG D ULEERQ RI VWDFNLQJ IDXOW LQ DQ H[SHULPHQWDO VWXG\ >@
6LQFH3RO\W\SLVPRI6L&KDVEHHQUHSRUWHGWRKDYHDWULYLDOHIIHFWRQWKHGLVORFDWLRQFRUHHQHUJLHV
DQG3HLHUOVVWUHVV>@WKHREWDLQHGUHVXOWVFRXOGEHFRPSDUDEOHZLWKWKHDIRUHPHQWLRQHGVWXG\ 
6WDFNLQJ IDXOW-FRXSOH LV DOVR IRUPHG ZKLFK LV ERXQGHG EHWZHHQ 6KRFNOH\ and XQNQRZQ SDUWLDO
VHJPHQWV7KHVHGLVORFDWLRQVIRUP9-VKDSHMXQFWLRQVZKLFKDUHW\SLFDOVLJQDWXUHRI/RPHU-&RWWUHOO
/-&ORFNDULVLQJIURPWKHLQWHUDFWLRQRIGLVORFDWLRQVRQWZRVHWVRILQFOLQHG^`SODQHV+HQFH
WKH FRPELQDWLRQ FDQ EH UHFRJQL]HG DV DQ /-& ORFN 7KH EDQGV RI VWDFNLQJ IDXOWV IRUP D
FRQILJXUDWLRQUHVHPEOLQJVWHSVRQDVWDLUZD\7KHVHVWHSVDUHEDUULHUVWRIXUWKHUVOLSRQWKHDWRPLF
SODQHV LQYROYHG DV ZHOO DV LQ WKH DGMDFHQW SODQHV 7KHVH DUUDQJHPHQWV LH /-& ORFN DQG VWHSV
FRXOGFXOPLQDWHLQWKHFRQVROLGDWLRQRIPDWHULDO>@ZKLFKLVDQDORJRXVWRZKDWKDVEHHQREVHUYHG
IRUWKHORZVWDFNLQJIDXOWHQHUJ\PHWDOV>@+HQFHLWFDQEHSRVWXODWHGWKDWVXFKSKHQRPHQRQDUH





GHFRPSRVHG E\ WKHLU FRXQWHUSDUWV RZLQJ WR WKH GLVFRQQHFWHG VOLS SODQHV DQG WKXV QHZ VWDFNLQJ
IDXOWVFDQEHIRUPHGDVVHHQLQ)LJE$VDGHPRQVWUDWLRQRIWKHRFFXUUHQFHRIORFNLQJXQORFNLQJ
HYHQW WKH HYROXWLRQ RI FXWWLQJ IRUFHV LV SORWWHG LQ )LJ  7KLV ILJXUH SURYLGHV WKH RYHUDOO
PHFKDQLFDOUHVSRQVHRI&-6L&VXEVWUDWHGXULQJQDQRPHWULFFXWWLQJDW.$EUXSWGURSVLQWKH











Fig. 7. Formation of crystal defects while cutting the (110) plane at 2000 K at a cutting distance of 





Fig. 8. Evolution of the cutting forces illustrating the locking/unlocking while cutting the (110) 
plane at 2000 K 
 
 
$W  . QXPHURXV GLVORFDWLRQV DQG ODUJH VWDFNLQJ IDXOWV DUH IRUPHG 7KH WRWDO OHQJWK RI
GLVORFDWLRQVQXFOHDWHGZLWKLQ WKH&-6L&VXEVWUDWHZDV IRXQG WREHa WLPHVKLJKHU WKDQ WKDWRI
.,QWHUVHFWLRQVRIGLVORFDWLRQVDUHDOVRVHHQZKLFKFRXOGFDXVHIRUPDWLRQRIYDFDQFLHVORFNV
DQG GLVORFDWLRQ ORRSV 6XFFHVVLYH ORFN VWUXFWXUHV GLVORFDWLRQ GHQGULWHV DUH IRUPHG DQG EURNHQ




WKHFXWWLQJ WRRO+RZHYHU VRPHSHUIHFWGLVORFDWLRQVFDQEH DOVRREVHUYHG ,W FDQEH LQIHUUHG WKDW
WKHUH LV QR VKDUS WUDQVLWLRQ EHWZHHQ WZR UHJLPHV RI GLVVRFLDWHG DQG QRQ-GLVVRFLDWHG GLVORFDWLRQV
RYHUD ODUJH WHPSHUDWXUH UDQJH7KLVREVHUYDWLRQ LV FRQVLVWHQWZLWK WKHDE LQLWLR UHVXOWV >@ ,W LV






WXUQ LQWR PRELOH OHDGLQJ WR WKH H[SDQVLRQ RI 6L-WHUPLQDWHG VWDFNLQJ IDXOWV ,QWHUVHFWLRQ RI WKH
FRXQWHUSDLUVRIVWDFNLQJIDXOWVZLWKHDFKRWKHU WKHUHIRUH FRXOG UHVXOW LQ WKHJHQHUDWLRQRIIRUHVW
GLVORFDWLRQV 7KLV SKHQRPHQRQ FRXOG LPSHGH SURSDJDWLRQ RI VXFFHVVLYH PRELOH GLVORFDWLRQV 
2YHUDOO ,W FDQ EH FRQFOXGHG WKDW ZKLOH FXWWLQJ WKH  FU\VWDO SODQH DW KLJK WHPSHUDWXUHV WKH
SODVWLFLW\RI&-6L&LVPHGLDWHGE\ODUJHVWDFNLQJIDXOWVJOLGLQJDKHDGRIWKHWRROWLSDQGFRQWLQXRXV








Fig. 9. Formation of crystal defects while cutting the (110) plane at 3000 K at a cutting distance of 
a) 10 nm  b) 20 nm 
 
,Q WKH IROORZLQJ VHVVLRQ WKH SODVWLFLW\ PHFKDQLVPV RI &-6L& ZKLOH FXWWLQJ WKH  DQG 





GLVORFDWLRQV DUH QXFOHDWHGXQGHUQHDWK DQGEHKLQG WKHFXWWLQJ WRROZKLFK LPSOLHV WKDW WKH\KDUGO\
DVVLVWWKHFU\VWDOSODVWLFLW\RI&-6L&GXULQJQDQRPHWULFFXWWLQJ,QJHQHUDORQO\GLVORFDWLRQVDKHDG
RI WKH FXWWLQJ WRRO PRYLQJ WKH FU\VWDOOLQH UHJLRQ GHVHUYH LPSRUWDQFH LQ WKH FDVH RI QDQRPHWHULF
FXWWLQJIn Fig. 10b, some partial dislocations are visible, which have been attached to the surface. 
However, they are mere artefacts owing to the limitations of the crystal analysis tool (CAT). 
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$VVKRZQLQ)LJF-GZKHQWKHVXEVWUDWHWHPSHUDWXUHLVUDLVHGWR.Shockley and stair-rod 




. WKH\ DUH OHVV HIIHFWLYH RQ HQKDQFLQJ SODVWLFLW\ WKDQ WKRVH ORFDWHG DKHDG RI WKH FXWWLQJ WRRO
$QRWKHUSRLQWLVWKDWQR)UDQN-W\SHVHVVLOHSDUWLDOGLVORFDWLRQVZHUHVHHQWRQXFOHDWHIRUWKLVFXWWLQJ
VXUIDFH 2YHUDOO LW FDQ EH GHGXFHG WKDW the plasticity of 3C-SiC while cutting the (010) plane at 
room and high temperatures is marginally governed by the defect formation processes. On the other 
hand, amorphization and weak bonding between atoms at high temperatures play the key role in 
plastic flow of 3C-SiC when nanometric cutting is performed on the (010) crystal plane. It is 
interesting to note that the total length of dislocations nucleated within the 3C-SiC substrate at 3000 
















Fig. 10. Formation of crystal defects while cutting the (010) plane at a cutting distance of 10 nm at 
a) 300 K  b) 3000 K, and at a cutting distance of 20 nm c) 300 K  d) 3000 K 
 
 
'HIHFW IRUPDWLRQSURFHVVHVZKLOHFXWWLQJ&-6L&RQ WKHSODQHDUHVKRZQLQ)LJ ,Q WKLV
FDVHGHIHFWVDUHIRXQGWREHSRVLWLRQHGDKHDGRIWKHWRROWLSUDWKHUWKDQXQGHUQHDWKWKHFXWWLQJWRRO
+RZHYHUWKHGLVORFDWLRQDFWLYLW\ZKLOHFXWWLQJWKHVXUIDFHLVVHHQWREHORZDWVKRUWFXWWLQJ
GLVWDQFHV LH  QP DV LOOXVWUDWHG LQ )LJ D DV RSSRVHG WR WKH  FU\VWDO SODQH :LWK WKH


















Fig. 11. Formation of crystal defects while cutting the (111) plane at a cutting distance of 10 nm at 












LQ WKH QXPEHU RI SKRQRQV 7KLV SKHQRPHQRQ UHVXOWV LQ JHQHUDWLQJ DWRPLF GLVSODFHPHQWV 7KH
DWRPLF GLVSODFHPHQWV ZLWKLQ WKH VXEVWUDWH FDXVHV DQ LQFUHDVH LQ WKH LQWHUDWRPLF GLVWDQFHV DQG D
GHFUHDVHLQWKHUHVWRULQJIRUFHVGXHWRWKHUPDOH[SDQVLRQZKLFKORZHUVWKHHQHUJ\UHTXLUHGWREUHDN
WKH DWRPLF ERQGV$V D FRQVHTXHQFH GHIRUPDWLRQ RI &-6L& DW KLJK WHPSHUDWXUHV LV IDFLOLWDWHG
:KHQ QDQRPHWULF FXWWLQJ LV SHUIRUPHG RQ WKH ! RULHQWDWLRQ VHWXS DW URRP DQG KLJK
WHPSHUDWXUHV WKH SODVWLFLW\ RI &-6L& LV PDUJLQDOO\ JRYHUQHG E\ WKH GHIHFW IRUPDWLRQ SURFHVVHV
7KXV WKHSODVWLFLW\ LVSULPDULO\PHGLWDWHGE\DPRUSKL]DWLRQDQGZHDNERQGLQJEHWZHHQDWRPVDW
KLJK WHPSHUDWXUHV :LWK WKH (111)< ?ത ?0> setup URRP WHPSHUDWXUH SODVWLFLW\ DW VKRUW FXWWLQJ
GLVWDQFHVLVPDLQO\JRYHUQHGE\WKHDPRUSKL]DWLRQZKHUHDVDWORQJGLVWDQFHVGLVORFDWLRQQXFOHDWLRQ
DOVRDVVLVWVWKHSODVWLFGHIRUPDWLRQRI&-6L&$WKLJKHUWHPSHUDWXUHVWKHSODVWLFLW\RI&-6L&RQ
WKH  SODQH LV PHGLWDWHG E\ WKH GHIHFW IRUPDWLRQ DV ZHOO DV WKH DPRUSKL]DWLRQ DQG ZHDN
ERQGLQJEHWZHHQDWRPV,WVKRXOGEHDOVRQRWHGWKDWDWKLJKHUWHPSHUDWXUHVDVPDOOQXPEHURIstair-
rod DQG)UDQN-W\SHVHVVLOHSDUWLDOVDUHREVHUYHG WRQXFOHDWHZKLOHFXWWLQJ&-6L&RQ WKHGLIIHUHQW
FU\VWDOSODQHV 
It is instructive to note that in the cases where the Tersoff potential were applied, no stacking fault 
formation was observed, attributable to the high stacking fault energy given by this potential, as 
calculated in Section 3.1. In addition, very low dislocation activity was observed while applying 
Tersoff potential. For instance, while cutting 3C-SiC on the (010) and (111) planes in the 
temperature range of 900 K to 3000 K, no dislocation was nucleated. In the case of (110) 







IXQFWLRQJU EHIRUH DQG DIWHUQDQRPHWULF FXWWLQJRI&-6L&DW HOHYDWHG WHPSHUDWXUHV DUHSORWWHG




&-& DQG &-6L ERQGV UHODWLYH WR WKH HTXLOLEULXP ERQG OHQJWKV RI  c  c DQG  c
UHVSHFWLYHO\ DV VKRZQ LQ )LJ  (YLGHQWO\ WKH SHDNV EHFRPH ZHDNHU DV WHPSHUDWXUH RI WKH
VXEVWUDWH LQFUHDVHV ZKLFK LV DQ LQGLFDWLRQ RI LQFUHDVHG DPSOLWXGH RI DWRPLF YLEUDWLRQV DQG
FRUUHVSRQGLQJ DWRPLF GLVSODFHPHQWV IURP WKHLU RULJLQDO HTXLOLEULXP SRVLWLRQV $SDUW IURP WKH
SHDNV WKH ERQG OHQJWK LQFUHDVHV ZLWK WKH LQFUHDVH RI WHPSHUDWXUH UHSUHVHQWLQJ WKH HQKDQFHG
VWUXFWXUDOFKDQJHVDQGFRQVHTXHQWO\VXSHULRUSODVWLFLW\RI&-6L&EHIRUHDQGGXULQJWKHFXWWLQJ$Q
LQWHUHVWLQJREVHUYDWLRQIURP)LJLVWKHJURZWKRIDQHPEU\RSHDNDWWKHLQWHUDWRPLFGLVWDQFHRI





Fig. 12. Radial distribution function showing interatomic bond lengths at different temperatures 
before and after nanometric cutting on the (010) crystal surface. 
 
As mentioned in Section 3.2, the white atoms in the cutting chip and subsurface of substrate 
presented in Figs. 3-7 and 9-11 have experienced the transition to a disordered state, a phenomenon 
known as solid-state amorphization [52]. In order to further characterize the crystal qualities of 3C-
SiC substrate during nanometric cutting, virtual X-ray diffraction (XRD) [53] ZLWK&X.ĮUDGLDWLRQ
(1.5418 Å) was carried on an elemental atomic volume (3×3×3 nm3 including 2552 atoms) in the 
cutting region. The XRD spectrums obtained from the simulations are illustrated in Fig. 13. Peaks 
at 2ș value of 35.96°, 40.38°, 55.13° and 76.19° shown in Fig. 13a correspond to the crystalline 3C-
SiC, which is consistent with the standard XRD pattern of 3C-SiC powders displayed in Fig. 13d 
[54]. Note that a small amount of mismatch in peak position is commonly acceptable. The 
prominent peak at ș 35.96° is diffracted from 3C-SiC (111) according to the database of joint 
committee on powder diffraction standards (JCPDS). The second, third and fourth ones are 
diffracted form 3C-SiC (200), (220) and (311), respectively. It can be seen from Fig. 13b that, after 
cutting, both relative intensities and number of the diffraction peaks alter noticeably, and several 
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new diffractions appear. The peaks possess lower relative intensities, particularly the strong peaks 
shown in Fig. 13a almost disappear, signifying the amorphization of atoms in the cutting 
deformation zone owing to the large shear stresses and plastic strains. Note that an increase in the 
intensity of 3C-SiC (200) can be seen. However, due to the fact that Si and C atoms have ionicity so 
the local crystal structures are not simple like elements. Hence, it is very challenging to bring a 
specific reason for this observation. 
Fig. 13c shows the XRD profile of 3C-SiC during the cutting, a mixture of crystalline and 
amorphous atoms in the cutting region, where the pattern could be assumed as a combination of 
crystalline and amorphous XRD spectra observed in Fig. 13a and 13b. It can be found from Fig. 13c 
that the intensity maxima of 3C-6L&DWș 35.96° is approximately 3.8 times lower than that 
of the crystalline 3C-SiC, indicating an inferior crystal quality in presence of both crystalline and 







Fig. 13.  XRD spectrum of 3C-SiC in the cutting region a) before b) after and c) during nanometric 
cutting on the (010) crystal surface. d) Standard XRD pattern of 3C-SiC powders 
 




SRWHQWLDOV It is instructive to note that there has been a long debate on the possibility of 
polymorphic transition to another lattice structure during contact loading of SiC polytypes. Such 
mechanism has been proposed from experimental studies on 3C-SiC [55]; however, in almost all 
MD studies no direct evidence has been presented. Instead, indirect observation has been reported, 
meaning that if SiC undergoes a local pressure as high as 100 GPa then the transformation to 
rocksalt structure would take place [56]. Nevertheless, Mishra and Szlufarska [40] have shown that, 
using Vashishta HW DO¶V. potential function [29] which has been reported to be more accurate for 
describing the high pressure phase transformation of SiC, even under the local atomic pressures as 
high as 100 GPa, the polymorphic transition does not occur in SiC. The only direct observation of 
phase transformation in MD simulation was provided by Xiao et al. [57], where very small amount 
of atoms were seen to undergo phase transition from 6H-SiC to rocksalt structure. However, more 
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evidence is needed to be able to generalize occurrence of the phase transition at a strictly nanometre 
level in MD trials. Hence, polymorphic transition is still a hypothesis for the deformation 
mechanisms of SiC in MD simulation, in contrast to silicon where phase transformation has been 
witnessed [58]. However, defect-free specimen employed in MD simulation might play a role in 
hindering the occurrence of such transition in MD simulations of SiC. 
 
<LHOGLQJVWUHVVHV 
Material dependent yielding criteria such as von Mises stress, Principal stress and Tresca stress 
measures were employed to predict yielding of 3C-SiC under various circumstances in this study. In 
order to compute the atomic stress tensor1, an elemental atomic volume (1×1.5×3 nm3 including 
442 atoms) was considered in the cutting region and accordingly the physical stress tensor was 
obtained. Equations shown in Appendix A were adopted to calculate the aforementioned yielding 
measures. Table 1B in Appendix B summarizes the magnitude of all the stresses obtained from the 
simulation data in all the test cases at varying temperatures. Fig. 14 compares the critical von Mises 
stresses obtained from the ABOP potential function at different cutting temperatures and crystal 
orientations while cutting 3C-SiC. The von Mises stress is a very commonly used yield criterion to 
estimate the yielding of a material and is based on the assumption that the maximum deviatoric 
strain energy causes yielding in the material. It is apparent from Fig. 14 that the critical von Mises 
stress triggering flow during nanometric cutting of 3C-SiC decreases with the increase of substrate 
temperature. It is interesting to note that the largest values of the required von Mises stress to cause 
yielding appears on the (110) crystal plane whereas the smallest values are observed on the (111) 
surface. Furthermore, at temperatures higher than 1400 K, the critical von Mises stress on the (010) 
and (110) shows almost the same magnitudes. It is noteworthy that the maximum reduction in 
yielding von Mises stress at 3000 K with respect to the room temperature cutting takes place on the 
(110) plane, which is up to 49%, followed by the (010) and (111) crystal planes, 40% and 37%, 







Fig. 14. Variation of critical von Mises stress in the cutting region while cutting 3C-SiC on different 
crystal planes and at different temperatures obtained by ABOP potential function 
 
Nanometric cutting is recognized as a shear dominated process which generates heat in the cutting 
region owing to breaking and reformation of bonds, leading to an increase of the temperature 
locally in the cutting region. In order to appreciate the effect of the stress and temperature on the 
behaviour of the substrate, evolution of average local temperature and von Mises stress in the 
cutting region is plotted in Fig. 15. Almost similar trend was observed for the other crystal planes 
and cutting temperatures, and hence not repeated. It can be deduced from Fig. 15 that the peak 
temperature and peak stress required to cause yielding in the cutting region do not take place 
simultaneously. This difference exists because the maximum temperature signifies complete 
fracture of the bonds which may not be the necessary condition for the material to flow (peak 
temperature at peak stress). Table 1B in Appendix B provides a complete list of the peak 






Fig. 15. Evolution of the temperature and von Mises stress in the cutting region recorded on the 





6L&GXULQJnanometric cutting on different crystallographic orientations at a range of temperature 
(from 300 K to 3000 K) using two potential energy functions, i.e. ABOP and Tersoff. 
Complimentary calculations of mechanical properties, GSFE surfaces and ideal shear stresses lend 
further credence to the reported findings. %DVHGRQWKHDIRUHPHQWLRQHGUHVXOWVFRQFOXVLRQVFDQEH
GUDZQDV 
1. 6XFFHVVLYH IRUPDWLRQ DQG GHVWUXFWLRQ RI VWDFNLQJ IDXOW-FRXSOH ERXQGLQJ EHWZHHQ SDUWLDO
GLVORFDWLRQVHJPHQWVDQG/RPHU-&RWWUHOO/-&ORFNZHUHREVHUYHGZKLOHFXWWLQJ&-6L&RQ
WKH (110)<00 ?ത> orientation setup DW KLJK WHPSHUDWXUHV )XUWKHUPRUH FURVV-MXQFWLRQV
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EHWZHHQ SDLUV RI FRXQWHU VWDFNLQJ IDXOWV PHGLWDWHG E\ WKH JOLGLQJ RI 6KRFNOH\ SDUWLDOV RQ
GLIIHUHQWVOLSSODQHVZHUHIRUPHGDW.IRUWKHDIRUHPHQWLRQHGFU\VWDOVHWXS 
2. 'LVORFDWLRQ PXOWL-MXQFWLRQ )UDQN-W\SH VHVVLOH DQG VWDLU-URG SDUWLDOV ZHUH REVHUYHG WR
QXFOHDWH DW VXEVWUDWH WHPSHUDWXUHV ܶ ൒  ? ? ?ܭ ZKHQ FXWWLQJ ZDV SHUIRUPHG RQ WKH 
VXUIDFH 
3. Dislocation nucleation and stacking fault formation were observed to be dominant during 
cutting the (110)<00 ?ത> crystal setup. However, low defect activity was seen for the 
(010)<100> and (111)< ?ത ?0> crystal setups. More importantly, WKHLQFLSLHQWSODVWLFLW\RI&-
6L&LQQDQRPHWULFFXWWLQJZDVREVHUYHGWRRFFXUE\VROLG-VWDWHDPRUSKL]DWLRQ 
4. Substantial difference was observed in both the relative intensities and number of the 
diffraction peaks of the virtual XRD spectrums before and after cutting, signifying the 
amorphization of atoms in the cutting deformation region. In addition, the peaks in RDF 
became weaker and bond length was seen to increase as substrate temperature increased or 
after cutting.   
5. The maximum reduction in yielding stresses with respect to the increase of cutting 
temperature occurred on the (110) crystal plane. 
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Saurav *RHO IURP 4XHHQ¶V 8QLYHUVLW\ %HOIDVW, UK and Dr. Alexander Stukowski from TU 




















 tensorStress                                                                                            (1) 
ܫଵ ൌ ߪ௫௫ ൅ ߪ௬௬ ൅ ߪ௭௭                                                                                                                      (2)                           ܫଶ ൌ ߪ௫௫ߪ௬௬ ൅ ߪ௬௬ߪ௭௭ ൅ ߪ௭௭ߪ௫௫ െ ߬௫௬ଶ െ ߬௫௭ଶ െ ߬௬௭ଶ                                                                        (3)                                   ܫଷ ൌ ߪ௫௫ߪ௬௬ߪ௭௭ ൅  ?൫ ௫߬௬߬௬௭߬௫௭൯ െ ߬௫௭ଶ ߪ௬௬ െ ߬௬௭ଶ ߪ௫௫ െ ߬௫௬ଶ ߪ௭௭                                                      (4)                                     ܣଵ ൌ െܫଵ; ܣଶ ൌ ܫଶ; ܣଷ ൌ െܫଷ                                                                                                         (5)                                       ܳ ൌ ଷ஺మି஺భమଽ                                                                                                                                        (6)                                                                                                     ܴ ൌ ଽ஺భ஺మିଶ଻஺యିଶ஺భయହସ                                                                                                                           (7)                                  ܦ ൌ ܳଷ ൅ ܴଶ                                                                                                                                    (8)                        
If  D<0 then as follows: else the condition is 2D stress ߠ ൌ ܿ݋ݏିଵ ൬ ோඥିொయ൰                                                                                                                             (9)                               ܴଵ ൌ  ?ඥെܳ ൈ ܿ݋ݏ ቀఏଷቁ െ ஺భଷ                                                                                                             (10)                                                                            ܴଶ ൌ  ?ඥെܳ ൈ ܿ݋ݏ ቀఏାସగଷ ቁ െ ஺భଷ                                                                                                       (11)                                                                                          ܴଷ ൌ  ?ඥെܳ ൈ ܿ݋ݏ ቀఏାଶగଷ ቁ െ ஺భଷ                                                                                                       (12)                            
 ߪଵ ൌ ሺܴଵǡ ܴଶǡ ܴଷሻ Ǣ ߪଷ ൌ ሺܴଵǡ ܴଶǡ ܴଷሻ                                                                           (14)   





























































Table 1B. Stresses and temperatures in the cutting region while cutting 3C-SiC on different 














































 104.33 49.18 60.02 -147.02 -26.98 979.2 832 
 121.62 57.33 61.63 -157.84 -34.58 1034.9 806.7 
 80.14 37.78 43.93 -82.85 5.01 1420.4 948.3 
 
 
 96.16 45.33 55.38 -110.46 0.31 1467.3 1303.6 
 101.13 47.67 56.69 -119.44 -6.05 1463 1327.8 
 69.95 32.97 37.59 -72.4 2.78 1942.7 1312.3 
 
 
 84.81 39.98 48.47 -114.74 -17.79 1804.7 1407.5 
 98.82 46.58 54.32 -128.62 -19.98 1659.5 1490.3 
 64.8 30.55 35.11 -62.64 7.59 2017.6 1402.7 
 
 
 80.73 38.05 42.58 -84.63 0.54 1892.7 1748.1 
 83.56 39.39 48.22 -95.63 0.81 1897.2 1544.2 
 61.34 28.91 31.9 -82.34 -18.54 2106.2 1613.9 
 
 
 74.94 35.35 40.3 -77.81 2.79 2353.9 2164.4 
 75.51 35.59 42.48 -99.16 -14.19 2285.5 1835.1 





 62.68 29.55 36.02 -66.76 5.28 3395.6 2590.1 
 62.17 29.31 34.87 -80.34 -10.59 3267.5 2527.6 
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